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ABSTRACT 


Architecture of a Ring communication network based on 
the Distributed Computing System (DCS) at the University of 
California, Irvine is presented. Control of the network is 
distributed in time among the active processors for 
reliability. A pseudo-bipolar violation protocol, mcedeled 
after the Farmer and Newhall ring at Bell Labs, is used to 
igzplement synchronization, control passing, and variable 
length messages. The prototype system is designed to tnake 
extensive use Of micro-computers for flexibility in design. 
Ring organization and protocol are discussed with the major 
emphasis on the use of an INTEL MCS-8 Micro-Computer at the 
interface of a teletype to the ring. The MCS-8 program is 
written anna PL/M-a higher level tlanguage for INTEL's 
micro-~comyputers. 
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I. INTRODUCTION 

A project is underway at the Naval Postgraduate School 
to establish a local ring-structured communication network. 
This network will link present and future computers on the 
feo grounds to provide a more efficient utilization of 
computing resources. This paper is a first report on the 
mmeogress of that project. 

Investigation of several existing computer networks led 
memecne selection gor the Dastmiunited Cenaiting Systema(DCS) 
developed at the University of California at Irvine as a 
model. The main features of the DCS that made it suitable 
esya model are reliability, relatively low —cost, and its 
processor-independent communication's PEG Lecol. ies © Png 
structure of the DCS was retained along with the distributed 
eoncr ol philosophy. The main differences between the 
proposed system and DCS are (1) the use of micro-computers 
at the ring interface (RI) to replace as many RI hardware 
functions as possible with software, and (2) the bipolar 
violation concept for start-of-message (SOM) and 
end-of-message (EOM) indication, synchronization (SYN), and 
G€entrol (CTL) passing. These violations will be referred to 
aoe tokens." 

System topology and protocol ace discussed and the use 
of a micro-conmputer in the prototype system is presented. 
This thesis. concentrates on the use of an INTEL MCS-8 
micro~processor at the interface of a host to the 
communication ring. The micro-~computer acts as a buffer 
between a host and the Ring Interface. It can control host 
communication with the ring and free the host processor from 
most of the "handshaking" required for communication with 
Other processors. The term "Smart terminal" has been used 
to describe the role of the micro-computer. A specific 


example incorporating a teletype (AS&-33) as the host is 





programmed in PL/# and implemented on the MCS-8. 
Hicro-CoMmputers wene Chosen for 3 jreasons: 
ile Ava igkays Janta. The school has several 


ome - 


mi cro-computers diet Se crspoSa! BOLNTEL MCS~-f ands icS—s) . 


2a Eee pesaniml it yc hiGEo-cConpucers vrovide 
fmuexibality in design not found in a hardware-only 
configuration at the ring interfaces. MOdmMEuGatLOns EO 


host/Ring Interface protocol can be accomplished by altering 
micro-processor software instead of changing hardware 
design. 

Sagi ~6~—C LCViel me erouranning language. PL/M “for 
meet’ s 88-bit micro-computers 1s supported by a compiler 
written in ANSI standard FORTRAN IV. It is available on the 
IBM=360/67 and XDS-9300 computers at tne Naval Postrgaduate 
School. PL/M is designed for the systems programmer and 
retains the efficiency and control of an assembly level 


language. 
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pee «6CREQUIRENENTS 


The main requirement of the system is to provide a 
reliable, low cost communication link between the computer 
systems presently located at NPS and to be flexible enough 
to add future computer systems to this network without 
having to modify network protocol (and therefore RI design). 
Reliability was also considered 1important from the 
standpoint of possible applications of this communication 


structure to the operational Navy. 


1. Reliability 


> 


Pobre y slo weadeweyved Teaedistiibuting contol of 
the ring amoung the active users with a fail-soft philosophy 
of control. No single processor has the responsibility for 
the control of the ring. Control is distributed in time 
over all the processors in the network. The failure of any 
processor will not hinder communication between the 
remaining processors. 

The ring 1S never idle for more then Short periods 
oemea time. If processes are not in direct communication, 
the ring idles by relaying control (CTL) tokens between 
active nodes, Maintaining the ring in a semiactive state 
provides a positive control mechanism that mininizes the 
time required to recognize control failures. At systen 
faight-off, the first node to be activated will commence 
broadcasting violation tokens. This 1S strictly a function 
of the Ring Interface and is independent of host status. A 
node with a message for transmission will take control of 
the 1 hie \Veseee pac indie theme Cont GOs tokenen(CTL,) with a 


start-of-message (SOM) token. After message transmission 1S 





Gonplete,. the. transmittingmnode wWillecend a CTL. token and 
wait until it either recognizes an SOM from another node or 
its host has another message to transmit. If the node that 
is currently transmitting (either a message or token) should 
for some reason fail, the remaining nodes will go into a 
Serne-out" state. “An inveriace “completing its —timesout 
Without receiving an SYN or CTL violation token will assume 
Sopitrc! of the Fing. In effect each active node monitors 
mmeewcOnurol of the ring. Mivemlode Cal taxe control if 
necessary to insure control reliability. 

Each interface has a unique delay time with enough 
separation in times to prevent two from both Simultaneously 
attempting to transmit tokens. hit. Ree eat times-out, 
transmits an SYN token, and fails to receive its transmitted 
token, wait Signal its host. The host can then make the 
decision on whether to exit from the ring. An alternate 
procedure could be to switch to a standby ring and attempt 


to join this ring in a normal manner. 


2. Response/Bandwidth Requirements 


A range of devices from low speed to high speed must 
be accomodated. The limiting factor in the system is the 
Slowest rate at which messages can be placed onto or taken 
Gm@methe Ling. In the prototype system the limiting component 
is the MCS-8 and its relatively long instruction cycle time 
(Ao microseconds). Specifically, to make successive 
= 1t Dee S available wo the Ring iitertace. [Or 
transmission, the program requires 59 machine cycles. Shes 
jimits ring Speed to approximately 10Kb (Kilobits per 
second). Even at this relatively slow speed, a number of 
PEanbers awd carkad teaders colld be driven. A remote batch 
entry system for the IBH-360 will be attempted in the near 
future using the NPS Ring. 10Kb is considered adequate for 
Sucn an ateenpt. 


The Vxang speed could be increased Significantly by 
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mLovangathe Ri directmaccess to the NCS-S"*s LTandom “access 
memory. The RAM ready line makes this approach feasible, 
but then the role of the micro-computer would be reduced and 
the hardware conplexity of the Ring Interface would be 
increased. It is planned that later ring interfaces based 
On micro-programmed MOS and TTL logic will allow ring speeds 
on the order of 1000Kb. This speed would require buffers 
between Slow speed hosts (like the MCS-8/TTY) and the Ring 


Interface. 


Bee Lex pa ay 


meee ee 


The ring is deSigned to move bits. he ys not 
dependent on a particular machine's method of representing 
emaracters or data. Communication is independent On 
processor word length and therefore can support a variety of 
processors and components. Communication between two nodes 
is of course dependent on the particular processor's 
menpmesentatilon Of information. But as far as the ring is 
concerned, the transmission is just O's and I's. 

Flexibility is also achieved with the use of 
micro-computers at the Ring Interface with the host 
processor. The prototype system uses a teletype and M&MCS-8 
to output messages to the ring for ring testing and 
performance evaluation. This paper also provides MCS-8 
software support “for file creation and modification fron a 
TTY via the ring to another processor such aS the xXDS-9300. 
The software system is flexible enough to allow editing and 
execution of the file and dumping of the output back to the 
Tee 


To keep cost down and maintain a high degree of 
Simplicity, off-the-shelf components are used to the maximum 
extent possible. The ring itself is shielded,twisted pair 


Wire. The Ring Interface is the most complex component from 
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the standpoint of construction and design. The TTY connects 
iO the 1iGs-o using a Universal Asynchronous 
Receiver-Transmitter for serial to parallel and parallel to 
serial conversion. The NCS-8 connects to the Ring Interface 


Msing two output and two input ports. 


bee «=6CU OO RGANIZATION 


The proposed network architecture 1s the data ring or 
Mmoop system. This type of system connects all processors 
and/for terminals by a common uni-directional bus. Farmer 
and Newhall [4] at Bell Labs develope? a ring designed to 
handle bursty traffic using a bipolar violation technigue. 
Control is provided for by a control computer whose function 
'Mameis tO monitor and regulate traffic on the ring. The 
MiesOducCtion Olgd —Metwork Controller inserts a critical 
component into the systen. Tf this component fails, the 
Eengecannot function. David Farber at the University of 
@alifornia, Irvine, [{1,2,3} overcame this handicap by 
distributing control amoung the various processors currently 
active in the network. This DCS philosophy was adapted for 
NPS ring organization. 

One feature of the Farmer and Newhall system was 
incorporated into the NPS Ring. Pseudo bipolar violations 
are used for SOM and FOM indication, SYN, and CTL tokens. 
The Farmer and Newhall ring uses a broadband system based on 
digital PCM. The transmission scheme chosen for the NPS Ring 
1s digital. Bipolar signaling is Simulated by using logic 
meee Logre "0" and Yogic "0" to Logic '1" transitions. 

The DCS uses a text bit count as part of the message to 
enable Ring Interfaces to determine when text leaves off and 
error checking bits begin. This flexibility enables 
variable length messages to be sent over the ring. One 
problem results from this procedure. Tf an error. should 
SCEUE INA ne Whitt tbeld “used “LO “indiecate= text length, 


Synchronization would be lost on the ring. The pseudo 


2 





violation used at NPS consists of sequences of physical 
combinations of one's and zeros's that cannot appear in text 
and are unlikely in error sequences. The type of Signalling 
is digital with data bits (text) requiring two physical bits 
om the ring. The Ring Interface adds redundant bits to 
processor data to form the pseudo bipolar effect. A 
mmocessor "O" and  *1t* are encoded as a ‘*O1' and '10' 
respectively. This procedure leaves a '11' and a '00' for 
ring violations. Using the '111' violation as part of the 
SOM and EOM tokens gives the NPS Ring variable length 


message capability. 


This method is also considered advantageous for error 


detection. The probability that a '01' sequence on the ring 
(data 'O') would be changed into a ‘'10' (data '1') is small. 
It would «be more probable that a data bit would be changed 
into a violation which would be picked up by the RI's as” an 
error. Additional error detection 1s provided by cyclic 
redundancy check bits added to message text by the RI. The 
pseudo bipolar transmission scheme may make these check bits 
unnecessary. If the great majority of errors produce 
violations that can be detected by the RI, the CRC check can 
be removed. This will be proved or disproved by observing 
fetidal CrrOr fates On the fring. tnitial RE design will 
provide a means of determining how many errors are detected 


myeene CRC that did not produce violations. 
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Fig.1. Possible NPS Ring 


The proposed system is of the type shown in figure 
1. The ring 1S uni-directional with one node (consisting of 
aenost processor and its Ring Interface} in a control state, 
An active node is .defined as a host processor with a process 
(at least one) capable of using the ring aS a 
communication's medium. The DCS feature of having processes 
rather than processors as the logical communications entity 
has been retained. A processor may have more than one 
process capable of ring communication. The reSpective RI is 
"loaded" with the processes current ‘at a particular host 
during the start-up phase. Loading of procesS names is 
accomplished by providing an address to the Process Name 
Memory (PNM) in the Ring Interface. The bit determined by 
this address is set to a '1' to indicate an active process 


hame. Active process names are deleted by resetting this 
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at. 

The node in a control (master) state will either be 
transmitting a message to another process or relaying CTL 
violation tokens to maintain the ring active. Transmission 
of tokens is a function of the Ring Interface and not the 
host or a host process. Active nodes will stop relaying 
control tokens when they receive an SOM from another node or 
when their host has a message for tranSmisSion. 

Each node must examine each message header to 
determine if the destination code matches a previously 
loaded host process name. Each node forwards the message to 
the next node even if a destination match occurs. Messages 
are removed from the ring by the source node and replaced 
With violation codes. This insures messages complete a 
Circuit of the ring once and only once. § Receipt of the 
message 41s signified by use of match and accept bits 
appended to the message. These bits are made available to 
the sending process and a determination is then made by the 
originator (in the host) as to whether the message is to be 


re-transmitted. 


me King interface 


The purpose of the Ring Interface is to 1) reshape 
ame forward signals on the ring, 2) recognize ccntrol 
tokens, 3} compare destination process names with processes 
active on its host, 4) Signal host and assemble bits of the 
incoming message into 8-bit bytes and pass them to the host, 
5) determine whether overrun has occured, 6) check CRC bits 
for an error in the received message, 7) set the match, 
meecenpt, and bad CRC bits accordingly, 8) replace the CTL 
weolatton With an “sell whem its host process has a wessage 
ready for transmission, 9) switch outgoing messages onto the 
ming, 10) calculate and insert CRE bits Onto the Eing after 
generating an EOM violation after text transmission, 11) 


Siepue da "GP nateh da O's accept, and aa" OC bad CRC bit “or 
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Resetting lymetnemdestimat LON PEOCeSS® Sintertace,) 12) eramane 
returning message status bits and make them available to the 
most for examinatron,, and 13) maintain the ring active with 
SYN or CTL violations when ina master status. In addition 
mre RI plays a Ssigqgnif@eant role in ring Synchronization and 
error recovery. 

This thesis will not dwell on the hardware structure 
meee the king Interface, but will treat it functionally as a 
Molack box". 


3. Role of the Hacro 


As mentioned previously, one purpose of the NPS ring 


Organization was to replace hardware with software where 
possible for maximum flexibility in design. ie is 
anticipated that once the Ring Interface functions are firm 
and construction is complete, the RI will be processor 
independent. The RI for the IBM/360 will be the same as the 
Ri for the PDP/11. Processor differences will be "absorbed" 
by use of micro-processors (or custom logic interfaces 
later, for higher speed). 

In the prototype system, the NCS-8 gives a TTY a 
process status. It provides a means of identifying the TTY 
aS a process. It allows initializing and changing message 
destination bits. Characters are buffered in MCS-8 RAM a 
ite dat atime. Signallang of the RI to transmit a message 
and making the message available for transmission are under 
the control of NcCS-8 software. On the receive side the 
MCS-8 recognizes notification that the RI has a message for 
the TTY. After storing the message in RAM, overrun and CRC 
errors are checked prior to dumping the message to the TTY. 
In the current system only one incoming message (78 
characters or less) is buffered in RAM. Further messages 
are blocked by disabling the receiver section of the RI 
until the message in RAM has been transfered to the 


teletype. in thes case the Ri would Set the match bit and 
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leave the™acceptapit oe 


tle Host Processors 


—_—a_— eS a ee eee ee ee 


The ring should support a variety of host 
processors. The protocol is flexible enough to enable 
faessimilar devices to utilize the ring. A host is any 
component capable of either transmitting and/or receiving 
messages via the ring. An example of a transmit-only host 
would be a system statuS message broadcaster. A _ node 
desiring system status reports would load the broadcaster's 
process name into itsS Ring Interface RAM. Periodic status 
reports could be broadcast over the ring and received by 
only those units desiring status reports. A receive only 
example would be a line printer or a card punch. 

The ca could be simplified somewhat for the 
"one-way" host. There would be no need for RAM in the RI for 
process name loading. A receive-only or transmit-only node 
could have its name hardwired in interface logic. A 
receive-only host would not require circuitry for switching 
messages onto the ring, but would still have to decode CRC 
bits and alter message status bits. A transmit~-only node 
would not have any use for a destination process. name 
decoder. If transmitted messages are periodic, the node 
Gould even do without CRC/natch/accept bit monitors. 

In the general wtwe-vay'" hostea nuelews of Some Sort 
would.be required. The nucleus would be required to make 
decisions on system status and take appropriate action. It 
would have to recognize error conditions and initiate 
diagnostic routines for failure localization. The nucleus 
Should be as comvlex aS fring reliability requirements 
dictate. If a secondary ring is provided, the nucleus could 
selectively order participating nodes to shift to the 
secondary ring as part of a fault isolation procedure. 

The same basic nucleus would reside on several of 


the major processors. The sophistication of the program 


qe] 





might preclude implementation of the nucleuS program on a 


fc LO—-pLocessor. 
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Del. PROTOCOL 


The main objective of the NPS Ring protocol is to permit 
process communications between heterogensous components such 
Ehet 1t iS possible for cach component to communicate 
without knowing the ovhysical placement of the other 
processors, The protocol should be processor independent and 
support variable length messages regardless of code 
structure used in the text of the message. 

The prototype system transmitted message consists of the 
BOoLlOwing fields: 

te otart-Gfr=nessage toren (vi0l4 ti on) ; 

2. Destination process name. 

3. Source process name. 

4. Text. 

. Sequence field. 


. End-of-Message token (violation). 


wrrlatel bit. 


5 
6 
fercycli-c Redum@ancy Check bits. 
8 
Preah CCep tabi. 

0 


we paAdeeeneC bre. 
Ra WTSTREBUT ED CONTROL 


ier cOlvtre! Token el) 


ete ee ee —~ oe oe ee 


The assumption of COnttros of the ring is 
accomplished by replacing a Cont how token With a 
Start-of-message VG Westeaa@ 1 The GC eal us commons... a 


"11101010 physical sequence on the ring. The ‘'11' #14xheader 
in the token is a violation code Since it cannot appear in 
Sexe eore 2s °ae) bit, (U ands i772 dataepitje delay ~at “exch 
active node. The delay 1S necessary to recognize and 


replace the token. Having the bits available at the RI 


Ane, 





simplifies the logic required to make the decision on 
whether a token has been received. Changing from ae CTL 
Sequence (,11101010"%) to ane SOM Sequence ('5i 100017") 
becomes just a matter of switching an SOM suffix in place of 
the CTL suffix held in the delay shift register. 

An alternate RI design could remove this delay. When 
the '1110' prefix is received the RI could shift the '0011' 
suffix onto the ring and look for a difference between what 
waS received and what it transmitted. If no difference is 
detected then a control token was not received and the node 
assumes the SOM belongs to another node. The node then 
returns to the relay state and decodes the message aS if it 
was from another source. If a change is detected in the 
suffix, the node assumes it has taken over control of the 
ring and switches a message onto the ring. This approach 
would require more complex timing and control logic at the 
RIT than the method selected for the NPS Ring. In this case 
the receiver section of the RI about to assume control must 
be phase-locked with its transmitter since bits are being 


meagrtied aS received. 


bd. SVNeENELONTZat Lon 
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A major problem in the distributed control approach 
GO ring communications is the synchronization of active 
nodes. This isa three part problem. The first part is 
initial synchronization. Next iS Maintaining synchronization 
and loss-~of-synchronization (LOS) EeOc@OViomV amelie | Giird © is 
re-synchronization of the ring when a node either leaves or 
joins the active ring. 

Under steady state ring conditions, the following 
Peorocol 1S observed. The master node will broadcast a CTL 
token and start a timer waiting for its receiver to detect 
mee token. Tf the €fL token iS not received prior to 
Expiration of the timer, the RE will transmit an SYN token. 


foes SYN Staime-out 25  datterent for each RI with enough 
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separation to insure only one will expire during any one 
ring cycle. A ring cycle is defined as the maximum possible 
meng delay in @bitsp~. divided by ving speed in bps. This 
would be about .23 seconds at 10Kb ring speed and 256 nodes 
on the ring (9 bits delay per node). On receipt of an SYN, 
CTL, or SOM token, each node resets its SYN timer. When a 
node's SYN timer expires, it transmits an SYN and assumes 
control of the ring. The main purpose of the SYN and SYN 
meme-out 1S to imsure control of the ring 1s maintained. If 
the master node receives its SYN prior to expiration of the 


meaner, atter its SYN T/O again expires, it transmits a CTL 


momen. ThiS insures only one CTL can exist on the fring at ! 


the same time. 

When a CTL 1s replaced by an SOM, control of the 
ring shifts to the node making the replacement. After 
Feceipt of an SOM, SYN time-out will not occur until the 
mimg goes idle. Tne transmitting node removes its own 
message from the ring. When it receives the match, accept, 
and bad CRC bits, it transmits a CTL token and shifts to the 
meohay mode. in the relay mode only valid CIL, SYN, and SON 
tokens are passed to the next node. This insures noise does 
not get continuously propagated around the ring. If a token 
is altered by noise, it will be immediately removed from the 
ring, since the next node seeing it will not recognize the 
sequence as a token and will not relay it. Synchronization 
Will be regained when an SYN timer expires and a= node 
meanismits an SYN token. When an SOM is received, the RI 


mianmsitions to the "receive"! mode and continues to forward 


the message to the next node. If an SOM is altered by’ 


noise, the message will be removed from the ring. 

initial | ring synchronize tion occurs as above by 
metive nodes initiating an SYN T/O and waiting. The first to 
have its time-out expire will transmit an SYN ('11100010'). 
When the SYN is received by the other nodes, they reset 
their timers. iteicewetil Ipessi ble fore tvo SYN Ss to exist 


On the ring at the same time. Since each node uses its 
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wnique time ~to agnhitiate the first CTL token, onky one CTL 
can exist at any given time and Sy mehronaza tion is 
guaranteed. This prevents an “after you"/"no, after you" 
Gendition from occurimnd. 

Part two of the synchronization problem is 
Maintaining synchronization. With no message transmission 
(just SYN or CTL violation tokens), synchronization occurs 
With each violation. During message passing synchronization 
Securs on SOM and Ga is violations. foc se Of pat 
synchronization would result in seeing violations in text. 
For example, the data sequence '100111' would be encoded as 
*700101101010' on the ring. Being one et out Oya 
synchronization would produce at least two pseudo-bipolar 
violations, but no violation token would result. The 
Selection eof the SYN, SOM, EOM, and CTL violations as 
eight-bit strings with a '111' sequence for a prefix insures 
that these codes cannot be duplicated by synchronization 
PmerOrsS OCCUrINg in message text. Violations ('00' or ‘'!11'3 
Cewtd occur due to Single bit errors in text. Therefore, 
these violations cannot be used for synchronization. Tn 
Smener case if a violation occurs in text, the CRC check is 
@=sumed to fail and the RE looks for a legal violation code 
Omeewhich to re-synchronizZe. 

Tie wwe casceCnOnsene Synehzonuzation Ppromben occurs 
when a node leaves or joins the ring. A node may leave due 
to a normal termination or some failure (or on conmand of a 
fault isolation routine). Fermination removes the 9 bits of 
delay at that node. The bits in the node's delay shift 
me-Gister “are Post. If terminationmoccurs gn text at a data 
bit boundary, ring synchronization would not be affected. 
The Glee check would fail and the message would be 
Be—-transmitted. If the delay occurs between a data bit 
boundary a '1i' or '00' violation would be produced which 
would be detected by the RI's. IT€ the delay 1s removed 
While part of a token was in the register, an LOS condition 


PesltS. Ihis Situatwoneis hendlLed the=same as when a node 
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joins the ring and introduces an extra delay between token 
boundaries. Nodes join the ring in the relay mode and if 
ines Tring iSmeadte, the ineominggoemode will start its SYN 
mene-OUlkLyanmd ring esyncechronuzation would not be affected. If 
a token is altered by the introduction of the new node's 
delay, the invalid bit string would be removed from the ring 
by the next node in sequence and an SYN timer expiration 


Will re-synchronize the ring. 
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Fig.2. Prototype System 


The MNCS-8 system used in the prototype (Figure 2) is 
ateeit Up From INTELLEC-8 nodules. Communication with the 
Ring Interface is accomplished uSing two input and two 
output ports. One input and one output port are used for 
message transfer with the two remaining ports used for 


control and status information. 


1. Message Transmission 


ae ee ee = a cee SS te ee eee corer ee 


When the MCS-8 has a complete message in RAM, it 
moaaqs the data Output port with an 8—-bit destination code 
and signals the PI via the XMTR ENABLE line. The RI waits 
for a control token and replaces it with a start-of-message 
moren. The RI then latches the first byte of information 
(the destination code) and notifies the MCS-8 that it has 
the byte using the XMTR READY line. The BYTE AVATL output 
line is used by the MCS-8 both to indicate that the RI has 





received the last byte of a message and to notify the RI 
that the next byte is available. The Ring Interface uses 
this line to make the decision on whether an “overrun" error 
mas) occured. An Overrun cGondition exists on transmission if 
the micro-computer (or other host) cannot make bytes 
available fast enough for the RI to maintain message 
Pemtanuity On the gang. This error should not occur under 
normal conditions, since the speed of the ring must be 
limited to the data rate of the slowest host. 

When the complete text has been made available to 
the RI, the MCS-8 loads a serial bit into the output port 
and signals "serial bit available" (message complete) by 
resetting the XHTR ENABLE line. After transmitting the 
serial bit, the RI switches CRC bits onto the ring followed 
Py match bit, accept bit, and bad CRC bit. CO ore curl oF 
these status bits, the RI makes then available to the MCS-8 
and transmits a C?fL token. On the basis of the message 
Status bits, the MCS-8 can order re-transmission of the 
message or make its RAM buffer available for the next 
ieemsage from 1tS host. Om an accept-fail condition the MNCS-8 
Will attempt’ to transmit the message a second time. Tf that 


attempt fails, a transmit-error message is typed at the TTY. 


D. Receiver Protocol 


— ae ee ee ee ee oe oe — ee ee 


When a Ring. Interface detects an SOM, the RI 
interprets the next 8 bits as the destination process name. 
A match is then attempted between the destination code and 
the active process names on the RI's' host. it 2a Mate, 
Ceeurs the RI makes the destination byte available to the 
MCS-8 and signals start-of-message using the SOM line. On 
mecection oz the SOM by the micro-computer, the destination 
code is stored in RAM and acknowledged using the BYTE 
RECEIVED line (the same line that was used for BYTE AVAIL 
during transmit operations). The RI then resets the SOM line 


EO acknowledge Storing SOL the Vast bye. The MesS-—8 then 
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waits for another logic '1' signal on the SOM line 
indicating that the next byte is available. The RI can again 
make determination on the occurance of overrun errors. 

After the EOM token is detected by the RI, it will 
Signal end-of-message to the micro-computer, using the EOM 
inenre, and set OVERRUN and CRC ERROR lines accordingly. The 
RI also will set the match, accept, and bad CRC bits based 
on the detected errors. The micro-computer can then decide 


whether to ignore or transfer the message to its host. 


Cy MeerO-COMNPUMEK7 wos | -PAOLOCOL 


The host in the Prototype System 1s an ASR-33 Teletype 
weeng an MCS-8 to attain processor status. The intention was 
to provide g2 minimal host that would have its entire nucleus 
implemented on a micro-processor. The minimum capabilities 
would have to include message origination and a receive 
Saability. 

The teletype can be used to _ (1) load souwrce process 
names into Ring Interface RAM, (2) load a destination name 
into MCS-8 RAM, (3) transfer up to 78 characters as message 
text to MCS-8 RAM, and (4) order transmission of a message. 
AS a receiver the TTY can accept messages in USASCII code of 
memto 78 8-bit characters in Length. 


1. Input and Output 


As mentioned previously, serial to parallel and 
parallel to serial conversion is handled using an Universial 
Asynchronous Receiver-Transmitter (UAR-T). Characters from 
meine TTY are made avairtable to one of the MCS-8's input ports 
(via the JAR-T). The UAR-T Signals character availability 
using the Data Available (DA) line. When using the 
PTE LLEC=8 LAS Module, character acknowledgement is 
automatic upon execution of the input instruction on that 


DOE &- When the UAR-IT 1s used alone, the Reset Data 





Available W(apA) line must bewetrobed to permit acceptance of 
the next character from the TTY. The UAP-T also provides 
SeaaeiS PinNemefoOr parity eErcoOLfaeeraming error, and overrun. 
tmes MCS-S8 interprets a carriage-return character (C/R) as a 


message or command terminator. 


2. Process Nane Loading 


The prototype system permitS receive process. name 
loading into Ring Interface Process Name Memory (PNM) using 
the teletype. The RI matches received message destination 
codes with process names previously loaded into its PNM by 
MmeeOSt. This procedure alftows a host to have strict 


control over what messages it sees. 


3. Command Language 


The MCS-8 system supports a Command Language for the 
passing of commands from the TTY to the Ring Interface. The 
M@S-~8 scans the first non-blank character from the TTY 
message for a '$' command character. TTY messages starting 
With a $ are always interpreted as commands and will not he 
transmitted over the ring. The character following the $ 
determines command type. Additional characters, if needed, 
are arguments to the command type. Arguments are separated 
from the command type with the ‘=' character. hist o£ 


current commands and their meanings follow: 


Command Meaning Arguments 

D Destination Process nane 
name set 

R Remove receive Process nane 
process name 

= Source/Receive Process name 
hame set 

A NG ea ViasOu nee 
(join the ring) 

1 Exit the ring 

For Gxanpte, typing “$S-c* followed by a Carriage 
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return causes the MNCS-8 to load the 8-bit (7-bit + even 
motcarty) USASCIT iced] Seharacter ~'C' ©(03.ehex) as a valid 
receive code into RI PNM. This same character code will he 
stored in MCS-8 RAM as the source field of outgoing 
messages. Up to 256 receive codes can be loaded into RI 
RAM, but only the most recently entered will be used as the 
source code on message transmission. Internally, when the 
MCS-8 receives the carriage return, it loads its RI output 
port with the character and outputs a logic '1' on the SET 
Mmene to the Bi. The RI uses the character as an address to 
its PNM and sets the bit determined by this address to a 
Mmegic '1', The RI acknowledges both the ‘'st and '‘r! 
commands uSing the XNIR READY line. 

A more general system would interpret the characters 
following the equal sign aS a based number. Using the 
USASCII codes for process names limits valid names to those 
characters (less rubout and carriage-return) available on 
mime ASR-33. This is no real limitation to the test and 
Evattatlon role of the MCS-878TY host. 


Pas | 





IV. MCS-8 WITH TTY AS A HOST 


A. HARDWARE CONFIGURATION 


1. System Components 
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Fig.3. /mCS-8/TTY Host 


Figure 3 shows the major components of the prototype 
MCS-8/TTY host. The micro-computer svstem is built up using 
Gerba eO-G modules. | The ENTELEBCG—@) Central Processor Module 
meri CPuy, input/Output Module, PROM Memory Module, and a 
custom 256X8 bit random access semiconductor memory (RAM) 
make up the MCS-8 systen. Theo oe Clu executes 
non-memory referencing instructions in 12.5 microseconds 
mien Operated from the S800KHZ clock Gontained on the CPU 
module. The MCS=S program requires 5 ROM's and 1 RAM. 

The INTELLEC-3 370 module contains the necessary TTY 
connections, the Universal Asynchronous Receiver- 


LEtictweteh Ind ene Mri er race carcilitry to the input and 
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CUE DU. DOLES= = bie. LY aS Sia s cOMmonemscarr ter THX Terminal 
Model ASRSMwm(S- lowed USASCII code, 110 bps). 


The UAR-T 1s a general purpose, programmable MOS/LSI 
subsystem integrated on a single monolithic chip. 1) wuss 
used to convert asynchronous serial binary characters from 
Gresa2TY to an S=bit parallel format for input to the MCS-8. 

The VAreueeeadlso Converts ~8-bit parallel binary 
characters to serial, asynchronous output with start and 
stop bits added. Both the receiver and transmitter are 
doukle buffered. The I/O module provides automatic Receive 
Data Enable (RDE), and Reset Data Available (RDA) logic to 
the UAR-T when an input instruction is executed on the 
Mes=8 . Data Strobe (DS) is automatic when an output 
Mistruction 1s executed. Automatic strobing is accomplished 


imyeeico-C instruction decoding within the I/0 module. 


Meme oOrtTHARE SYSTEM 


em DEOdlrd Ol tle Contain Ocwtomanclided aS part 
Meech is thesis. It 1s programmed in PL/A [6 }. Compilation 
into MCS-8 object code was acomplished on the IBM- 360/67 
uSing CP/CMS. Execution of the program was simulated using 
the FORTRAN IV program TNTERP /oeeo ee twomounodian Simulates 
ime. S005 CPU and provides monitoring “commands to aid in 
program development. INTERP/8 accepts machine code produced 
Peepers 2 of the PL/M compiler, allong with execution 
commands from the CP/CMS terminal. It also provides tracing 
features that allow CPU monitoring. 

Procedure MAIN is the program executive routine. The 
Basic loop consists of checking (1) the teletype for key 
depression and (2) the Ring Interface for message 
destination match with host process name (i.e., message for 
Eh celhoc tye. 
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1. Program Flow 


When a TTY key depression is detected (logic ‘'1' on 
the 'DAt line from the UAR-T), the character is fetched from 
mic UAR—| Sticring “Input port 0. The 'DA't line 1s reset 
automatically when the input instruction is executed, 
thereby re-enabling the UAR-T for the next character from 
mrewtiy., —essages [rom the TTY are accessed a character aj 
a time and are terminated by the carriage return character. 
Messages are of two types, either command (first character a 


'$') or messages for transmission. 


re 


Use 


TTY data Line 
from JUAR-T 


ee ee ee ee 


oS (a 


—~J ct 


Character available 
LOM nk 

Transmit Buffer Empty 
on UAR-T ane 
SOM/Next Byte Available 
Come f 
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RVCR overrun, 
Reve 2 COE “i 


IN 1 


1a 
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Ready 
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N@titvia tye 1 

Disable RI Receiver 

Byte Received from RI 

DY tema Vda imate EO RE 
Enable RI transmitter 
Set host process name 
Delete host process nane 


TTY data line from MCS-8 
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Pagal. NCS-e 1 /O Vomiemiisa ce 


Figieer 4 lasts “the cS-3 anput “and output port 
usage. When a command message iS received, output port 1 18s 
set with the process name, if required, and control signals 


Cue SeVenvO tne ning (iterrace USI Out puc porte: . “ Waien ed 
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message for transmission is received, the first byte is made 
Avatiaime £O Cutputeportyt and the Rl as signalled using the 
XMTR ENABLE line. Procedure XMIT then completes message 
transfer to the RI. 

The RI signals message received from another host 
using the SOM line. iii No calkic son vurocedire GEIMSG to 
transfer and store bytes from the RI. The RI makes the 
determination of whether an error (overrun or CRC) has 
occured and sets the match, accept, and bad CRC bits. 
mecordingly. COieecine aceept Condition, procedure PRINTNSG 


is called to dump the message to the TTY. 


2. Pie codes 


—~— = = ame wee = 2 eee oe 


System flexibility 1s realized in the transmission 
of messaces. Messages and message format are source 
process/destination process dependent. A possible 
Eeacation of the NCS-S8/TTY host to the operational ring 


could be realized by the use of a message format using file 


codes. For example, with appropriate software Support on 
mime xDS-9300 or FTRPMN-360, the MCS-8/7TY host can be used to 
create and execute files on a remote processor. The 


transmitted message would consist of a file code and an 
acgument list. For example, 'NEW FILE1,NPS* could order the 
fieeation Of a new file named "FILET' with a protect key of 
'NPS', After a file has been opened, file codes for “append 
momtilc," "delete current line, “change current line," 
etc., could be used for file creation and editing. File 
Manipulation codes could also be implemented on the 
processors. Teed Some c ee "Copy sO sprinter," and “copy to 


TTY" are just a few. 


Witn additional software support from a processor, 
the MCS-8/TTY host could be used in a desk calculator mode 
using appropriate Galewld ton codes; NOSt- sea Leulator 
ie DqKerealio wes eo sulel be performed MO cally with message 


transmission only when required (such as for transcendental 


a1 














Vore CONGO SLONS SAND RECOUMENUATIONS 
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Meee CONCLUSIONS 


A ring-switched computer network, using micro-computers 
at the host interface to the ring, can be deSigned to 
satisfy the requirements of reliability, 16) Ate elk) ois Baio a 
Simplicity, and low cost. The we la JOrmeoadchimce In the 
prototype system iS in the system bandwidth do to the 
relatively Slow speed of the micro-computer, but the 
benefits in flexibility of design and system simplicity 
Suecwelgh this deficiency. The DCS type organization with 
ies distributed Control philosophy is a reliable approach to 
network architecture. Pitrrcwl tics in the DCS With regard 
to synchronizing and detecting loss of synchronization have 
been overcome in the NPS Ring architecture at a sacrifice in 
ring speed. The pseudo-bipolar violation concept provides 
the capability rom variable length messages, ring 
synchronization, and control pasSing. The fact that these 
violations cannot appear in message data, forms a reliable 
basis for network protocol. 

The MCS-8/TTY host provides a flexible access to the 
ring for system evaluation. The software provided will 
Support a number of ITY modes, depending on the amount of 
interpretive support available on the Major system 


processors. 


Be. RECOMMENDATIONS 


Further work is required in several areas. les 
rec cmmended information security on the ring be 
investigated. The ring as it stands has no real protection 


on data flow. All data passes through each active node. 


ao 





The present system does not provide for ae software 
diagnostic routine to aid in fault isolation. Process names 
could be reserveil for this purpose. Nucleus programs could 
communicate directly uSing these process names to, for 
example, selectively order an exit from the ring. Provision 
should be made to collect data on system performance. The 
average time it takes to get control of the ring for 
transmission, the number of messages requiring 
re-transmission, and the mean time between LOS conditions 
are considered important in determining system 


errectiveness. 
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MCS~/& NUCLEUS PROGRAM 


/* 
PASS1 CCMPILER OPTIONS 
x / 
$MEM 
$RICFT=80 
$hICTH=120 
/% 
GLOBAL VARIABLES 
* / 
CECLARE (MSGIN,MSGOUT) (80) BYTE; 
PECL ARE (INCOUMT. CumcOUNTIy BYTES 
BECEARE (ECT OLI2,OUT3) BYTE; 
PeCmoRE (Chan, CARRIAGESRETURN;RUBCUT? BYTE 
PNiTTACMCOCth sy CORK, O0FEH) ; 
eee re cli Vy ene RALLY “LETERALLY*, CCW ET? *DECEARES; 
eer Ll ee, eer ieee’. P2 LIfPiaaAt,. P2-Liy '3'; 
VGewmenee elie OFFE*sFALSE Lite %o*; 
SOPRA SER TALSZACCEPTED) BYTE; 
OCL (DCHAR,DESTINATION,ACTIVATE) BYTE; 
DiGi Xt Cela cy SE ISEHANGECK? BYTE; 
CCL (COMMAND;EQUAL) BYTE INITIAL (FALSE;FALSE); 
SCE LINESPEED BYTE INITIAL (OAH 2; 
/* 
Cee ales Mi 2S 3G 
* / 
/% 
CET MESSAGE FETCHES BYTES) RU en! 
UNTIL A ECV 1S Be eerEbeoieetee & ls 
TRE PROGCECURE THEN VAT se ORE 
RI TG MAKE CRO@AND CWeRRUN STATUS 
Pils, Apel CAR BE. 
CN RETURN IF "INCOUNT® IS GREATER 





JHAN DERE THEN THE MESSACESREC Ewer 
ISVERHIGRSEREETAND CONTAINS s*eiGouUN ft" 
NUMBER AC EBV LES. 


4 / 
CETENSG: FRCCECURE; 
/% 
RING INTERFACE HAS SIGNALLED MSG RECEIVED 
VIASUNPUT PORT 1 BITM2 SET ANMDGIC al 
+ / 
/3 
INFUT PORT 2 HAS THE NEXT BYTE FROM THE RING 
INPLT PORT 1 BIT 3 AT LOGIC '1° 
INCICATES EOM DETECTED BY TEE RI. 
INFLT FORT 1 BIT 2 AT LOGIC ‘1! 
INDICATES NEXT BYTE AVAILABLE. 
CLIFLT PORT 3 BIT 4 AT LOGIC ‘0! 
INDICATES 8YTE STORED IN RAM. 
CUTFLT PORT 3 BIT 4 AT LOGIC *1! 
INCICATES MCS—8 HAS RECCGNIZED LCGIC '1° 
AT INPUT PORT 1 BIT 4 FGR NEXT BYTE AVAIL. 
* / 
/% 
a / 
CCL J BYTE; 
1% STCRE FIRST BYTE IN RAM ¥/ 
MSCIN=INPUT(P2)3 
J=1;5 
[% 
INFCRM RING INTERFACE THAT BYTE HAS BEEN STORED 
a / , 
GMLCGF1l: OGUT2,QUTPUT(P2)=OLT2 OR 10H; 
/ + RETURN IF RING INTERFACE HAS RECEIVED AN EOM */ 
IF (INPUT(CP1) AND O8H) > O THEN GO TO GET$XIT; 
Ve WAIT UNTIL NEXT BYTE IS AVAILABLE */ 
GCeLCCcP2: 


he CCUNG CT UPLR CAND 20H} ="-O0FTECNSCe TOT GME eurZ, 





/% 


px 


*/ 


NOM ht BY¥ie Ave TAGE Ee ACKNOWLEDGED = *7 
CUNZ,OUVEUEtP2) =s€UT2 cAND OEFHSs 
MSGINQJIEINPUT(P2) 5 
J=J+1;5 
Comrade GrruOr rT, 

GETEXIT: 


CimemeRecCetVE STATUS FLAGS -- OVERRUN AND CRC 
PVeUTePeRie? Bit 4 AT LOGIC *1* INDICATES OVERRUN 
PVCeiemenm t Bit, > At LCGIC *1? 

TvOwG neon ChECK FATLED. 


IF (INFUTC PL) AND 30H) > O THEN INCCUNT=0; 
ELSE IANCOUNT=J 35 
RETURN; 


END CETSMSE: 


/% 


Ws 
[x 


= / 


PR 1 1 SG AR 


Proven An AC Weng | PUiseAner ame | eR 
reetsiseiat CODE TO OGULTPOT PORT 
Come NC oat  eso- 8 UCEP UIE POKES 
CEPPPEMENT CATA. 


_PRINT#CKAR: PRCCECURE(PCHAR); 


/%* 


/ * 


% / 


CCE P Cua wey res 


WorterOReRANSPITPER BUPFERVREGISTER EMPTY ON UAR—-T 
Geb="O* IP PLIES eNO) EMP Y. 


FLCCFLl: IF CINPUTCPL) AND O2H)=0 THEN GO TO PLOOPL; 


LCAC CRKAR JATO OUTPUT PORT O 


Bre) CR 2)=PCEAR SOR CFrH: 


ah 





——- 





/* 
NCTE: UAR-T RESETS TBE TO LOGIC "1 WHEN TRANSMITTER 
REGISTER IS REACY FOR NEXT CHAR 
+ / 
RETURN} 
END FRINTECHAR; 
/% 
oa | 
x / 
/# 
TRANSMIT (XMIT) MAKES MESSAGES FROM 
TKE TTY AVAILABLE TO TEE RI FOR 
TRANSMISSION. AFTER TRANS. IS 
CCMPLETE, IT WAITS AND CHECKS 
MATCH, ACCEPT, AND CRC BITS TO 
CETERMINE WHETHER THE MESSAGE 
tAS BEEN RECEIVED. 
MESSAGES NOT RECEIVED WILL BE RE- 
TRANSMITTED ONCE PRIOR TC AN 
ERROR *1* CONDITICNe. ON RETURN 
“*ACCEPT*® IS TRUE IF TRANSMISSICN 
WAS SUCCESSFUL. 
x / 
XMIT: PRCCECURE; 
CCL XCCUNT BYTE; 


fx 
MAKE DESTINATION AVAIL TO RI AT QUTPUT PORT 1 
a / 
ACCEPTEC=FALSE3 
XMIT$START: 
CUTFLT (PL) ="SGCUT; 
/* 
NCTIFY RI MSG FOR TRANSMIT 
« / 
OUTZ,OUTPLT(P2)=OUT2 AND ODFH; 
/* 
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nf 


/% 


4/ 


/% 


af 


/* 


m/ 


/* 


¥/ 


[x 


*/ 


CUIPUT ENTERE MSG 
CC xCCUNT=1 TC QUTCOUNT; 


WATT FOR RESPONSE FROM RI THAT 
aot oris WAS SRECEIVED. 


XLCOP: IF CINPUT(PL) AND 40H) = O THEN GO TO XLOOP; 
CU ZeCe re UI(E2Z)-OUTZ CR 10H 3 
CUTPLT(P1LI=MSGOUTC(XCOUNT) 5 


INFCRM RI NEXT BYTE AVAILABLE 


CUTZ2,CUTPUT(P2)=O0OUT2 ANC OEFE; 
END 3 . 


SERIAL BIT RECUIRED NEXT 

RESET MSG FCR TRANSMIT FLAG 

SIGNIFIES SERIAL BIT CGMING. 

XLCCP1: IF CINPUTC(PL) AND 4CH) = O THEN GO TO XLOOPL: 
CUT2,CUTPUT(P2)=OUT2 OR 10H; 
CLIPLT(CFLI=SERIAL; 

WAIT FCR MATCH/ACCEPT BITS RECEIVED 
XLCOP2: IF (INPUT(PL} AND 40H) = O THEN GO TC XLOOP2; 


te oe Chee eee CEe th tne d Se tert PRANSMIY MSG ONCE 


TF CINE Ge SAND SOry < 20H THEN 
JF (SERIAL = Q) THEN 


ee; 

SERYAL=135 

GCC TC XMITSSTART; 
ENC 5 
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EUSE VCC rie Outs 


/* 
VE GE ACCEPTED 
t/ 
ACCERTEL=(TRUE ; 
XOUT: 
SERTAL=0;5 
FETUFNS; 
END XMIT; 
/% 
Fare. N tT + MS G 
% / 
/% 
PREM "MESsace GUtTruls RECEIVED MESSACES 
TCS ieee eine CAR=T. 
* f 


Pomeroy SGS  PROECECURE; 


/# 


a / 


/% 


ai 


{7% 


s/f 


/* 


¥/ 


BCL FREMEMSGSCAITA CURE *); 
CCE UE CCUMe Yorks 


CliPer tere RiInce RETURN TO T1yY 
CALL FRINTECHAR(CARRIAGESRETURN); 

CLIPUT "FRCM ! 
Pia Cel Nye@ we 20 

CALL PRINT$CHAR(FROMMSG(PCCOUNT }); 
ENC; 

CLTFLT SCURCE NAME 


CALL FRINTCHAR(MSCIN(1L))s 


CUTFLT CARRIAGE RETURN 
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/* 


4 / 


END 
/% 


% 
/* 


af 


CALL FRINTSCHAR(CARRIAGERETURN) 5 


JET fas sAce 


CC PCCUAT=2 TC INCQUNT; 
CALL PRINTECHAR(MSGIN(PCCUNT)); 
ENC $ 
RETURNS 
PRN SiesiG.s 


ER kek CR 


ERRGRer eins” (ERRGR AF OLLCWED 


PY MIrEe =SRROR NUMBER CIVEN AS 
TEE CALLING ARGUMENT. 


S 


EFRORS PRECELURE CERRCRNSMBER? 5 


/* 


a 


/[* 


*/ 


END 
/* 
*/ 
/* 


CeCe PUREE NOV ©CCUNT F CYTE; 
ECE EFRCRiSC CATAROTERRUR 1 ; 


CCLEUL GARR ACERRelURN 
CALL FRINTCEKAR (CARRIAGERETURN ) ; 
PRINT *ERROR* FOLLOWED BY ERROR NUMBER AT TTY 
PE VECECKT—-C 055, 
CALL PRINTCHAR(ERRORMSG(ECQUNT ));5 
ENC ; 
CALL FRINTCFAR(CERRORNUMBER) 5 


RETURN; 
ERROR, 


41 


a / 
1% 
*/ 


/% 


+ / 


Me A 1 N _oiP RR OmGaE AM 


CCU! Evite Niet AL Ca); 


CEEAR CLIPLT PERSO LOGIC "0° 
NCTE: ALL CUTEUI) PORTS COGRPLEMENGMDAT A 


Cots ,OCTPUT (PS), OUlZ, GUILPUTIP2)=OFFR; 


RDA: 
IF CINPUT(P1) AND O1H) > O THEN 
[* 
FETCH CFAR FROM UAR T 
» 
D& ; 


CKAR=INFUT(PO)$ 
IF CHAR <> CARRIAGESRETURN THEN 
Ee 
IF CHAR <> RUB$OUT THEN 
DO; 
WSGECT Ch) -CHaAn: 
IF I = 2 THEN 
Pes 
‘IF CHAR = © * THEN GO TO SKIP; 
IF NOT COMMAND THEN 


OC; 
TF Omar ="S" TEFEN COMMAND=TRUE; 
EBSEsI=I+1; 
END; 
EGSe DO; 
IF CHANGECK THEN 
Be; 


CALL ERROR (€' 2°); 
Set DERE tes DESTINATION, ACTIVATES E Mites 
COMMAND, EQUAL » CHANGEOQK=FALSE; 
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END; 
ie (SE) ORMOELE TE OE CUNImTen 
00; 
CUTPUT(PL)=CHAR 
IF SET TREN MSGOUT(1)=CHAR; 
CKANGEOK=TRUE; 
END; 
ELSE IF DESTINATION AND EQUAL THEN 
DC; 
DCHAR=CHAR; 
CKANGEOK=TRUE3 
END; 
ELSE IF ACTIVATE OR EXIT THEN 
CALL ERROR(*2")3 
ELSE IF CHAR="A* TKEN ACTIVATE=TRUE; 
ELSE IF CHAR="E*® THEN EXIT=TRUE3 
ELSE IF CHAR="S © THEN 
SET=TRUE; 
ELSE IF CHAR="D* THEN 
DESTINATICN=T RUE; 
ELSE IF CHAR=*R" THEN 
DELETE=TRUE; 
ELSE 
Up Chee CSS er 
EQUAL=TRUE; 
cee 
CALL ERROR('2*);3 
END; 
END; 
ELSE I=I+1; 
END; 
ELSE IF (I>2) THEN I=I-1; 
/* CEAR IS RUBOLT AND I=2 */ 
ELSE IF CHANGEOK THEN CHANGEGK=FALSE; 
ELSE 
SET» DELETE, DEST INATIGN; ACTIVATE, EXIT: 
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COMMAND ,EQUAL ,CHANGECK=FALSES 
END; 
EESE Tet? 2 yeni 
Cie; 
CLTICCUNT=T; 
CALL XMIT; 
TF NOT ACCEPTED THEN 
CALL VERROR( ti, ; 
OLTCOUNT=0 5 
T=2; 
END ; 
fA CiaR = sC7ROAND [=2 ox%r 
ELSEMEC; 
TF CHANGEOQK THEN 
0G; 
PEPse! THEN 
QUT2;OUTPLT(P2)=QUT2 AND OQBFH; 
Goto td Pee Let Ee Tren 
CUT2,OUTPUT (P2)=O0UT2 ANC O7FH; 
ELSE MSGOUT=DCHAR; 
ENC; 
EUSERIESACTIVATE THEN 
OUTZ2;OUTPUT(P2)=OLT2 AND OFBH; 
GEser ir Ecexi tl Tren 
OUT2,OUTPUT(P2)=OUT2 OR O4H; 
PESiEwGOs 1G SKIP; 
SET;DELETE,DESTINATICN;sACTIVATE,EXIT;, 
COMMAKOD,ECUAL y CHANGEOK=FALSE; 
/* 
WATT FOR ACKNGWLEDCEMEAT FRCM RI 
x / | 
PNAME: IF CINPUTC FI) AND 40H) = O THEN 
CORIO EN AVE; 
ENC; 
A® 
SCne@ (LAST eCRARAG TERS 10 TY 
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* / 
SKIP: IF CHAR=CARRIAGE$RETURN THEN 
CALL PRINTCHAR(LINES$FEED) ; 
EIESE CALE VERINI CHAR CCHART; 
END; 
/* 
bAS RI RECOGNIZED MESSAGE FOR THIS PRCCESS 
4/ 
IF (INPUT(P1) AND 04H) > O THEN 
ves 
CALL GETMSG; 
IF (CINCCUNT>O) AND (CHAR=CARRIAGE$RETURN)) THEN 
DC; 
CALL PRINTSMSG; 
INCCUNT=0; 
END; 
ENC; 
GCC TC FDA; 
EQF 
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